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AIBS Education Review
to be Available to Members Only

Dear Readers:

For two years the AIBS Education Review has been sent to all AIBS members and over 13,000 non-members
who expressed interest in biotogical education. This service has been made posssible in part from a grant
for educational activities which will not be available after 1973. Thercfore, it is necessary to limit our cir-
culation to AIBS members effective January 1974. The quality of this publication has increased with each
issue and it is a valuable service AIBS provides its members. [t is copyrighted, carries referenced ar-
ticles, and has a review board.

While the Review represents a significant part of AIBS efforts on behalf of biological educators, there are
other benefits of membership. BioScience, the official AIBS journal, is published monthly and contains ar-
ticles on a wide range of tapics of interest to biology teachers. Members arc also entitled to use the AIBS
Placement Service.

Our President, Robert W. Krauss, has beén instrumental in developing a Public Responsibilitics Committee
with representatives from every state who are available for advice and consultation to legislators and other
public officials from the nationaf to the local fevel on matters of import to the biological community.

National office projects include a study of natural ecosystems as a part of the International Biological Pro-
gram, biomedical engineering workshops, and Preject BIOTECH, through which modules for teaching tech-
nical skills are being produced. This office also provides literature on carcers, publications for depart-
ment heads, and consultant services on facilities, curricula, meetings, and workshops.

Because part of our obligation to the biological community is to foster professional development of stu-
dents, we charter AIBS Student Chapters in colleges and high schools providing guidance and support. There
are 70 chapters and new ones are currently being developed.

With its 40 Adhcrent Societies, AIBS is a professional organization which speaks for biology. Our current
activities vouch for our dedication to serve biologists. The continuation and expansion of our services de-
pends on our membership strength. We urge you to become an AIBS member as part of your professional
responsibility to the biological community. The timely receipt of your membership application wil' assure
that you continue to receive the Education Review. May we hear from you soon?

Sincerely, -

John R. Olive
Director
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‘ EXPERIENCES IN THE |
CONSTRUCTION OF TERMINAL
PERFORMANCE OBJECTIVES

Eldon D, Enger, J. Richard
Kormelink, Rodney J. Smith

Delta College
University Center, Michigan 48710

For a number of years we have been in the process (f
reevalvating the course content and methods employed in
teaching our introductory biology course; however, we lacked
specific agreed upon objectives. Much of the disagreement was
not in what should be covered but more in the individual
facuity interpretation of the depth of coverage and the
methods to be used in presenting the information. Since the
enroltment in our typical introductory biology course consists
of students with diverse backgrounds and a multiplicity of
goals, we felt that we could function more effectively if we had
specific objectives that had been developed collectively.

What follows is a technique that was valuable 1o us in
determining course content and in clarifying: what were the
essential, fundamental concepts. The resulting terminal
performance objectives specified how we expected the student
to demonstrate his mastery of these concepts.

Why We Did It

At community colleges we profess to be student centered but
in fact we probably have not been as attuned to fostering
«iudent success as we should be. The estublishment of student
oriented terminal performance objectives is of paramount im-
portance in facilitating success in our course. If these objec-
tives really work, the student should know what subject matter

will be covzted and how he will be required to demonstrate his

understanding of the material. This eliminates the  guessing
games about what is important and what is not. We feel that
it is inappropriate to reward students who are good at
deciphering how they will be evaluated, and pcnahzmg those
students who aren't so gifted,

It was deemed advisable to establish uniform course content
while -1aaintaining the individuality of approach. A guide to
course content would be valuable to all instructors, but would
-be of particular value to those instructors teaching the course
for the first time. Uniformity of course content will also
facilitate the subsequent enrcllment of students in advanced
Courses.

An 1mpcnant extérnal ‘pressure being apphcd to state sup- .

ported institutions in the State of Michigan is the requirement
of greater accountabuluy to the state legistature for the funds

“dispersed 1o these institutions. The development of measurable

terminal performanre objectives provxdes the legislature and the
pubhc with an unamb:guous stalemen( of what the course ac-
comphshes ‘ , s : ,

How We Did l|

EKC

o ER I973

people read Mager's_book (1962) dealing with the topic and
further altempls were made to write “behavioral objectives.” A
series of workshops were held with a consultant. The con-
sultant was very helpful in providing us with insight into the
value of brainstorming and the technique  of deferred
judgment. He also clarified the dierent stages in the
development of terminl performance objectives.

Following this initial period in which we gained an insight into
the construction of terminal performance objectives we began
in earnest. We started by holding a brainstorming session to
establish the broad general coverage for the course. In this
typ: of brainstorming session each irdividual suggested any
topic that he felt appropriate for the coutse. A time lmit was
imposed and observed. One of the members of the team served
as recorder for the topics suggestcd. All topics were accepted
and judgment of their value was deferred until a later time.
Some of the broad topics suggested were: respiration,
evolution, survey of the plant and animal kingdoms, gm-
bryology, genetics, photosynthzasis, microbiology,  homeo-
stasis, and cells. After much discussion, persuasion, co-
ercion, and argument, five major areas were established.

For cach of these five major areas of the course we wrote a
broadly based goal statement. This statement was a general
statelnent of what we expested the student to learn in this sec-
tion of the course. One of the major topic areas is ecology.
The ecology goal statement reads as follows:

The student shall be able to describe and recognize (a)
lnlra SpCCICS and mter-specaes interactions - in an
ecosystem; (b) biotic and abiotic interactions in an
ecosystem; and (c) how these intercelationships are
changed through time,

We then selected each of the five major areas in turn and held
a brainstorming session in which we listed the mformqllon that
should be covered -in- each. major. topic area” within the
confines of our goal statements. An extensive list was
developed without judging the value of any particular idea.
These ideas were thén placed in categories. At this point some
of the suggested ideas were judged to be 1nappropnale and
were eliminated by mutual consent.

While we categorizcd ideas we solidified our thinking into
specific terminal performance objectives. There was a - good
deal of give and take and discussion about why something
shou!d be included and what was important for the student Lo -
understand as well as why he should understand it, Particutar
attention was given to how we wanted the student 1o demonstrate
his understanding of the subject matter. The construction of the
terminal performance ob}ecuves involved criticat examination
of word usage and the meaning of the statement, 'so tial the

statement was an unambiguous codification of our thinking. . .

The terminal performance objectives wh:ch were constructedxf'*
for the ecology section fc-!low : e, G

Termlnal Performxnce; Objmives




The student shali recognize that materials ace recycled
in an ecosystem.

These goal statéments and terminal performance ob-
jectives go beyond typical catalog descriptions and

3. The student shall recognize that energy flow—following allow for more rational seclection of courses for
the laws of thermodynamics-~proceeds through the curricuta. It should be of particutar value to the
trophic ievel. counseling staff,

4 ,erct::syfsfti‘::ntisSh::iln:::i(l))g*nl;:t;:‘;;nle}: :;I;mfb?::ri:: ozoanrj Instructors teaching the course for the first time h_rwe
ditions a clear gndersta{vdlng of w_hat should be covered with-

: out- having teaching techniques and methods dictated

5. The student shail recognize that ecosysicms evolve to him,

through a series of predictable changes from a pioncer
to a climax community dependent upon the specific 4,

With a clear statement of coutse content, the selectiop
abiotic factors and the biotis history of the area.

of texts, lab manuals, films, other teaching materials,
and the construction of evaluation devices can be made

6. The student shall recognize that man as an organism, son
to meet stated objectives.

with a complex social orde: and high level of tech-
nology, has the capacity to cause changes in both the
biotic an® abintic aspects of the ecosystem. These
changes brought about by man can be both accelerated
natural changes and changes unigue to his influences.

5. A logical extension of this procedure is the construction
of specific  behavioral objectives by - each instructor
which tell the student exactly what is reguired and how
he will be evaluated.

B.. The student shall recognize that a community is com-
posed of a variety of populations which interact both
positively and negatively with each other. The student
shall recognize that the ecological niche is the com-
posite. of all the roles” which an orgamism plays in his
environment; The environment is considéred to be the
sum total of all the experiences of an organism, including

the abiotic and biotic aspects of the habitat of the organ-
ism, , .

[n addition to these values we gained a greater respect for
onie another and an esprit de corps among the members of the
department, which itself -is well worth the effort” expended.

Reference

. Mager, R. F. 1962. Preparing Instructional Objectives. Fearon Pub-
C. The student shall recognize that a population is com- lishers, Palo Alto, Calif.
posed of a designated group of individuals of one species
possessing characteristics above and beyond the cha--

acteristics of its members.

Errata

We - regret the following errors which appeared in recent
issues of the AIBS Education Review. In the anticle*The phase
achievement system I, An - instructional management system
for farge enrollment lecture sections,” A1BS Education Review,
2(2):24-27 1973, one of the authors was errongousty listed as N
F.G. Covert instead of G.F. Covért. On page 27, the reference
to “Covert et al. 1973" should have beéen completed to read:
“Covert et al, The phase achievement system Il. A computer
system for large enroflment lecture sections, unpublished.”

- This article has subsequéntly been published in the 41BS Kd-
ucaiion Review. 231:40-42 1973. The authors of this article
should have been listed as G.F. Covert, W.D. Dolphin, and R.G.
Franke instead of W.D. Dolphin, R.G. Franke, F.G. Covert,
and C.D. Jorgensen.

1. - The student shall recognize thal the population is the
evolutionary unit.

2. The student shall recognize that the carrying capacity
is the number of individuals of a species which ¢an be
supported within the confines of a designated area. The
carrying capacity is determined. by the interactions
within the ecosystem.

Was [t Worth 1t?

As in any endeavor of this type there are both positive and
negative aspects. One of the major problems is overcomiug the
inertia - and complacency (hat is-a commod feature of most
departments. A start can be made when a nucleus of interested
faculty “can be committed to spending the time required. A
considerable amount of time must be committed to learn the
technicues and - apply these techniques, - It is unrealistic- to
‘attempt to get all facully m\olved in a project of this type. In
":"_our caSe we were lhree of seven faculty mvolved in teachmg .

PROJECT BIOTECH NOTES

Rlchard AL Dodge
AIBS Staff

Project BIOTECH has recently been refunded and authonzed’:v

Vinte sled and spem ‘some ume on 1he projecl bul were unable i
,lo comrmt the time t'ﬁroughout :he entire - projecl Whlch L

Q
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THE IMPACT OF AUDIO-TUTORIAL

INSTRUCTION ONN FACULTY LOAD
AND
DEPARTMENTAL OPERATING
LEVELS

Thomas C. Hahn

Life Science Department
Southwestern College
Chula Vista, California 92010

The educational revolution is upon us, with such educational
technologies as the instructional systems approach (audio-
tutorial and audio-visual-tutorial). computer-assisted instruction
(CALl), educational television and videotape, and insiant res-
ponse systems. Often, such technologies are touted by the
hardware-software manufacturers  as the “latest thing" in
instructional innavation, and “guaranteed” to improve instruc-
tion. Coupled  with the technology of the educational
revolution are several distinct philosophical considerations: (l)
the general feeling that instruction must be made relevant to
the contemporary scene, (2) that instruction must be “in-
dividualized” with a goal of educating all students to their
fullest potential, (3) that no matter what instructional modality
is employed, student-teacher contact must be maintained, (4)
that instructional costs must be lowered and the efficiency of
instructional operations be maximized,

These philosophical viewpoints are essentially derived from two
“opposing camps”-—the student body on one hand, insisting on
relevancy, - individuatization, and maximum teacher contact,
and the public and/or taxpayer on the other, vis‘a-vis the
trustees ‘and administrators, - demanding efficiency and a
lowering of instructional costs. Positioned squarely between
these two groups are the teaching faculties attempting to carry
on with the educational process and simultaneously fulfill the
expectations of both sides. To meet thes¢ challenges, educators
have been encouraged by students, administrators, boards of
trustees, the public, and the hardware-software manufacturers,
to experiment with a wide variety of multi-media and in-
dividualized approachés to the learning environment.

A great deal of the “success” of such programs rests with how
participating faculty and departments are treated when in-
dividual work schedules and group operational levels are
negotiated with, or mandated by, administrative personnel, The
majority of faculty. participating in" the development or ap-
plication of an innovative instructional technique express the
desire for preferential treaiment . in the creation of their in-
dividual aud group work lond schedules. This stems from an
obvious increase in faculty time commnments when conventional
“cufricula- are . restructured as mulu-medna and ‘individualized
“instructional modalmes Accordmg to Hinton (1970), “an

- enormous amount of work is required for facully who engagé

_in_the A-T method, and one would be hard pressed to find an-
audlo utonal mslrudor who serIOUSly cOhSldelt.d‘ his“‘load" -

or, “Are we doing a better job for less money?” Often, there
are no concrete answers to these questions, The lack of sub-
stantive evaluation data may result in administrative altempts
to more effectively amortize the initial “hardware” costs and
also cut staffing expenses. In an attempt to create a “financial
rationale” for the program, adjustment of original “temporary”
concessions in the loading policy and other stafting
modifications may create & bitler atmosphere among tihe
program facuity. They perceive their workload increased by the
necessity for continual program modification in view of facully
and student evaluation. Both sides, administiators and faculty,
often fail to see educational innovation- as a continuing
process, based on feedback data from evaluation instruments.

Often 'a new technology is applied without an -adequate
assessment of its impact on issues such as the faculty work-
load and departmental operational level, in conjunction with
faculty involvement in continuing evaluation and program
modification. - In the initial planning stages, such parameters
are “lost” as peripheral issues when compared to other
weightier protlems of instructional inncation and change.

This paper will examine the basic assumptions, philosophy,
and procedures involved in establishing faculty loading policy
and departmental operating levels -at Southwestern College.
The application of these policies to a specific individualized
instructional modality (i.e. Audio-Tutorial Biology {Biology I})
will be reviewed. The objective of this analysis and review, and
the primary purpose of this papcr, is to derive a generalized
loading model which wilt allow prospective innovators to
predict the effect that- adoption - of certain instructional
technologies will have on the workloads of participating faculty

~and on their departments' operating level.

The Audio-Tutorlal Biology Program

The audio-tutorial program in biology at Southwestern College
began operations in the fall scmester 1968. Over its four year
history the program has muaintained the essential features of
the Postlethwait Model (1967), with modifications in response
to local requirements. A detailed history of the program is
available in the current literature (Hahn 1971). The program
currently enrolls 320 students each semester, handled by a 36
station facility. The course structuré inctudes four major com-
ponents: the general assembly session, the small group session,
the audio-tutorial or independent learning session, and the quiz
session, ‘

In addition to these formal components/activities, the audio-
tutorial program also includes the following informai activities:

. Group tutoring: - Interested sludents are encouraged to get
tosether informally in the evenings for unstructured ‘dlscussion .

SeSSlonS with an lnstructor "on call" for consu!tan

Group revlew sesslons- Pre-exammauon group review sess:o,ns



The Concept of Operating Level

Opcrating level (OL) is a term applied to “index data” which
give “management™ the opportunily to evaluate the relative
efficiency of an instructional program. Typically, a department
chairman or area dean will compute a departmental
opetational level by dividing the number of faculty (full-time,
part-time, and paraprofessionals) into the total number of
weekly student contact hours for the department. For example,
the life science department at Southwestern College was rated
in the fall of 1972 as having 5.56 Full-time Instructor
Equivalents {FTIE). This included five full-time instructors, two
part-time instructors, and five paraprofessionals (tutors). Full-
time equivalencies for part-time and paraprofessional stafl are
computed on the basis of cost per hour compared to a stan-
dardized mean annual salary of $14,500.00. Weekly Student
Contact Hours (WSCH) are computed course by course. For
example, Biology I includes one hour of general assembly, one
hour of small -group discussion, and four hours of audio-
tutorial instruction per week. Thus, each enrolled student
generates six contact hours per week in the course. '

Opcrating level is generally considered to be related to
teaching efficiency and cost effectivecess. However, there are

no generally agreed upon criteria set for what constitutes

either “efficient™ or “low cost” instruction as one moves from
curriculum to curriculum, department to depariment, or from
campus to campus. Historically, at Southwestern College,
operating level(s) have been used as suggested guidelines. The
set level for- campus-wide attainment is 500, although in-
dividual departments fall far below and far exceed this mean
level. There are no statewide (e.g., as in California) rationales
for any specific operational level and many schools exclude
mandated, small-enrollment courses from their calculations.
Thus, a statewide guide for comparative purposes is lacking.

Fundamentally,  departments at Southwestern College are
allowed the option of managing théir own curricula within the
framework of a “suggested” operating level, based on historical
record. Therefore; a department may opt to teach several low-
enrollment courses or experiment with a new instructional
technique as long as they strive to maintain an annual OL
commensurate with . the established - guideline. ~ Each
department’s OL is reviewed annually by department chairmen
and ‘area deans, New OL's may be set based on changes in
enroliment- pattérns, instructional methods, “stafl needs, etc.
Since . innovative instructional methods can. have such a
- significant effect on staffing, faculty loads, and consequently
departmental operating levels, a review of the impact that the
A-T instructional modec. has had on these areas is in order,
A sample analysis of faculty load and operating level is given
below.

i The follbwmg abbreviations are used:

- FTIE = Full-Time Inslrucuonal Equwalents ~
‘LHE Lecture Hour Equwalems Pl
WSCH = Week!y Sludem Contact Hours St
oL ‘Operaﬂng Level

 Semester

T |

Audlo-Tutorlal Tnstruction (Fall 1968)

1 General Assembly Session = 3 LHE
20 Small Group Sessions . =20 LHE
40 hours A-T lab x 2/3 =27 LHE
TOTAL: S0 LHE
50 LHE+15= 33 FTIE
295x6 1770 WSCH
2 ——— z o = 536.363
JIFTIE JIFTIE

Data for all terms from 1966 to 1972 are given in Fig. 1.

An analysis of the data presented in Fig. 1 indicates that im-
plen.entation of the audio-tutorial program initially resulted in
a severe reduction in the operating level of the course (and the
department).. The conventional lecture-laboratory mode of
instruction used prior to implementation  of the = A-T
curriculum generated a X OL of 898.2. During a five semester
period after the A-T program was initiated, the OL for the
course averaged $59.95, as'a result of staffing the program en-
tirely with full-time personnel. it was not until 1971 that
paraprofessional tutor assistance was employed in the A-T
learning center, The progressive shift in staffing of the center
from full-time faculty to tutors culminated in the spring of
1972 where the OL reached its all time peak (1137.423).

At the same time that the department was increasing its use of
tutors in the A-T center, full-time staff were increasing their
commitment to specialty courses. For example, in fall 1971,
additional sections were offered in Botany 1 (General Botany)
and Zoology 8 (Human Anatomy); while in spring 1972, ad-
ditional sections of Biology 7 (Microbiology), Zoology 22 °
(Human_ Physiology), and Zoology 20B (Anatomy-Physiology)
were offered. This increased commitment to specialty courses
also substantially increased the weekly student contact hours
(WSCH) in each course, i.c., Botany | 32 students x 6 contact
hours (CH)Y/wk. = 192 WSCH; Zoology 8: 32 students x 8

CH/wk. = 256 WSCH; Biology 7: 32 students x 8 CH/wk, =
256 WSCH; Zoology 20B: 24 students x 4 CH/wk. = 106
“WSCH; and Zoology 22: 24 students x 6 CH/wk. = 144

WSCH.

The -increased tutor use in Biology 1 and enroliment gams in
speciality courses raised the overall departmental OL in-a
fashion which parallels the gains in the OL for the Biology 1
course (See Tadle 1).

Table L,
A Comp:rison of Biology | and Overall Deparlmenlal
] Opeming Levels (1970-1912)

Biology I OL

Departmental OL

65783




CONVENTIONAL INSTRUCTION

!

1150
1100
1050

961,455

950 930
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800 835.294
750

650

x = 898.20

536.363
550

500

623.151

518.709

AUDIO-TUTORIAL INSTRUCTION

1137.423

872.72

657.831

x|

= 695.029

561.797 -

559.766

Fall
1966

Fall
1967

Fali
1968

Sprg
1969

Sprg
1968

Sprg
1967

Fall
1971

Fall
1972

Fall
1969

Fall
1970

Sprg
1972

Sprg
1971
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1970

Fig. L. Life Science Department: Analysis of Faculty Load/Departmental Operating Level as Related to
Biology 1. Comparison of Conventiona) {Lecture-Laboratory) and Audio-Tutoria) Instruction Modes.

Essentially, the department had opted to substantially increase
its OL (X OL 863.87 for the period spring 1971-fall 1972) by
feducing the level of faculty-student contact in the A-T learning
center. Thus, the overali efficiency of deparimental operations
gained drariatically as a result. ‘Although these are laudable
achievements, there are certain negative features coupled to
them. Use of tutors to operate the A-T center may release
instructors to other duties, but also reduces student contact
time with the full-time staff. It also tends to foster an “out-of-
sight-out-of-mind” attitude on the part of the faculty, who
become increasingly involved with their specialty. courses, This
trend was reviewed by the departmental staff in spring 1972
with the central issue being a consideration of  efficiency
" weighed against the effect of total faculty withdrawal from the
A-T center in_ relation to ‘the educational values  of the

i _program. A faculty concensus plan to modify tutor use and in-

}crease staff-student  contact iri the A.T center was im-

‘ plemenled in the fall semester 1972, This involved adjusting
tutor loads in the center 2nd assigning additional part-time
staff to' leach some ‘of the smau group Sessmns ’(SGS) Full- ;

Generalized Loading Model

Production of a generalized model to predict the impact of

- various instructional technologies on the loads of participating
faculties and on their departmental opcratmg level is an ex-
ceedingly difficult task, especially when one is attempting to
generalize from a data base consisting of one case study.
However, although a complete “model” cannot be realized,
several significant component parameters of such a model can
be identified.

Three - such - parameters have been revealed in this study,
namely: (1) Faculty load does not decrease with implemeniation
of audio-futorial methods, but substantially increases in view

of the continuing evaluation and modification of the programs.

k ~Teaching load only decreases when paraprofesszorals (tutors,

- lab assistants, teachers' aides, etc.) personnel are utifized in the

"_“mdnwduahzcd" und prOgrammed-v portion of lhc mstruchonal
, process In lxeu of full—ume (and morc expenswe) faculty. @




appear to facilitate the “handling® and “processing” of large
numbers of students with cssentially no substantial increases in
faculty or facility costs. The problem of increasing enrollments
disappears when one works with audio-tutorials. A slight in-
crease in learning center hours, supplies, and paraprofessional
hours are all that is required to accommodate a relatively large
errollment gain. Thus, operation costs progressively shrink as
enrollment and operating levels gain. However, once again the
educationa} value of handling large numbers of students in an
“efficient™, bul in a mechanical and impersonal manner, must
be considered. The “dehumanizing” effects of the instructional
systems approach to teaching has been discussed by Montoe
(1972) in his consideration of the future prospects of such
instructional modes. He states:

..at the present, there is little evidence that students
would welcome innovation which would decrease
personal contacts with a live personality. If the systems
approach retains the close relationship between teacher
and student, and its advocates claim an even closer one-
1o-one ratio between student and teacher, then students
will accept the mechanization process. However, any new
system of teaching which places a greater distance
between teacher and learner is destined to be rejected.
The impersonality -of large lecture sections and the
tendency for a minority of the teachers to reject students
as - human . beings -who need personal attention are
primary incentives for students to be unhappy with their
college experience. The community college student who
does not come to college with a high degree of built-in
motivation reqdires a live, crealive, and stimulating
teacher as a prime mover. Even though it has been
demonstrated that -students can learn independéntly
without a teacher through the use of televised classes,
programmed learning manuals, or correspondence
courses and that students would welcome the opportunity
to progress at their own rate in their studies, in reality,
most community college students continue to prefer to
do their learning in the company of other students and
even in an atmosphere of - competition with - their
classmatss. Any form of instruction in which the content
is formalized or “canned,” and the learning process is
routinized into a formal step-by-step procedure, although
psychologically sound as interpreted by the behaviorist
school, is enjoyed by students no more than they enjoy
lecturers who repeat the same dufl lectures year after
year.

+In summary, faculties who ini~nd on implementing audio-
tutorials (and possibly other instructional technologies) in their
departmental curricula, should expect some major adjustments
in" individual - loading ‘and - in ~departmental operations. A
* schematic flow chart illustrating the possible effects of instruc-
tional technologies on faculty load and depattment OL in-
. cluding alternauVe plans are given in Fig. 2.

: SHORTCOURSES T0 BEOFFERED
AT l974 ANNUAL MEETING

Smce lhe Mimcours¢ on Module Makmg. whlch was offered al :
“was an extremely successfulkvemure. we

the 1973 méetmg,

Program Development Cycle —
(PDC)

Program
Implementation

Plan A - Full staffing by
faculty (work load substan-
tially increased; OL reduced)

Informal Formal

Evaluation Evaluation Plan B - Partial staffing
Feedback from] |Student- by faculty shared with
Students Faculty paraprofessionals

S

Program modification
and Production of
non Materials

Plan C - Full staffing of
programmed portion by
paraprofessionals

= i

RECOMMENDATIONS:

Ist year operation: Implement Plan C - shift full-time faculty
to Program Development Cycle ia view of the “first run”
status of the program.

2nd year - (?) operation: Implement Plan B - achleve a balance
between full-time faculty and paraprofessional staffing, split,
“excess” tlme of faculty between PDC and expansion of
speclality areas or experimental course work. Every 2.3
years, shift back to Plan C for total faculty involvement in pro-
gram revitalization and updating.

Fig. 2. Schematic flow chart (and recommendations) ilus-
trating the pussible ‘effects of implementing Instructional
technologies on faculty work load and departmental operating
level. '
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AN EXPERIMENT ON IMPROVING
THE TEACHING OF BIOLOGY
H. T. Hendrickson

Department of Biology
Universily of North Carolina at Greensboro
Greensboro, North Carolina 27412

Introduction

Everyone these days is tatking about the problems of large
enrollment introductory courses in. biology and proposing
solutions. Usually some theory is applied to a course, tried a
few times, and, if no loud screams of protest develop and the
professor is reasonably happy, it is called an innovative step
forward. - Very seldom is the concept of a controlled
experiment applied by science teachers to their “experimental”
teaching,

At the University of North Carolina at Greensboro we have a
large (900-1000 students), three credit hours course in in-
troductory biology with all the standard complaints from all
concerned parties. Lectures are given in five lecture szctions by
five different tecturers with about 200 students in each..Since
1970 we have used an audio-tutorial type laboratory; students
from all five lecture sections report once a week at their
convenience to a uniform programmed laboratory assignment.
Some staft members are in the laboratory at all open hours to
provide whalever assistance may be required. Becausefof the
open, unscheduled nature of audio-tutorial labs it was con-
sidered difficult, if not impossible, for a lecturer to coordinate
his laboratory - instruction time with the appearance of a

maximum number of students from “his” fecture section, thus

maximizing reinforcement of ideas presented in laboratory and
lecture.

We assumed that it would be “better” if students could work
with the same stafl people in both lecture and laboratory and
then set out to test this assumption, More precisely, we
hypothesized. that increased contact of the lecturer in  the
laboratory context would improve student performance. In ad-
dition, if the laboratory support stafl attended lectures with the
students and heard exactly the same information as presented,
then - this: should result in - more reinforcement in  the
laboratory. The expected improvement should be apparent in
grades on laboratory quizzes, grades on hourly exams, and
“student attitudes.”

Materials and Methods

. The control group met in lecture  Tuesday and  Thursday
~ mornings-at 9:30 and went to'lab at-afy time their schedule :
- allowed exceps from 8:00 a.m. to 6:00 p.m. Tuesday. Two
o graduale student teaching assistants attended this lecture sec- -
- tion all term and assisted in the Iaboratory at scattered hours. :
The leclurer ass1sted in the laboratory on Monday afternoons S
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control and experimental groups. Every practical effort was
made to discourage experimental students from atiending lab
at ‘a time other than 8-6 on Tuesdays. One factor we could not
control, which may have had an eflect, was that the students
in the experimental group were aware of being treated in an
unusual manner. Having to come to laboratory during a res-
tricted time quickly identified them as being something
“special.”

Three houtly exams were given during the term. Each .one
consisted of 50 multiple-choice questions. Approximately 25
percent of the questions on each test were based on material
specifically treated in the laboratory. Both the experimental
and control sections were given the same test at the same time.

A final examination of 100 multiple-choice questions (25
percent of which were on ‘laboratory material) was given to
both sections at the end of the term. The experimental and
control sections took sequentially opposite copies of the same
exam at the same hour on different days.

An attitudinal survey consisting of five-part graded responses
based on some of the more common statements made by
previous students in the course was given to both sections
during the tenth week. of the term. Additional room was
provided for comments. This was an attempt to determine how
both sets of students felt about tke lectures, text, laboratory,
and examinations,

Finally, an informal note was posted in lab during the final
week of classes soliciting comments on student reactions to lab
in general, :

Results

In comparing the make-up of the two sections we found that -

there were no significant differences in class composition, sex:

ratio, drop rates, proportion on Pass/Not Pass Option, or any .

other definable criteria. For all intents and purposes, it would
appear that we are dealing with two randomly selected sub-
populations of students enrolled in our 1mroductory biology
coutse (see Table 1)

On all four of the examinations given the experimental sec-
tion averaged higher grades, but in no case was the difference
statistically significant (prob < 0.05). The same thing held true of

WlthdreWOr L e
' lncomplete 8 44 1
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Table 1.
Composition of Control and Experimental Classes
Control. Experimental
No. % No. %
Freshman 122 67.7 1S 569
Sophomore 45 5.0 2 356
“Junior RN | B N 9- 4.4
- Henior® o N SPES F RS Y T 29
2 Total*e - l80 e QOR T R
DM e 04 92




the final averages of all four exams weighed equally. There
was  no significant difference between the averages of the
experimental and control sections (see Table 2). If one assumes
a_theoretical grade distribution of S percent F, 20 percent D,
40 percent C, 25 percent B, and 10 percent A, then X2 tests
reveal that neither of the sections deviates significantly from
this expectation, (X?* = 9,179 for controls and -3.853 for
experimentals, 4 degrees of freedom).

When one considers only those questions derived from
laboratory work, the trend is similar. Cnly on the second
hourly exam was the proportion of experimentals missing
laboratory questions significantly smaller than the proportion
of controls. On the other (wo hourly exams and on the final
exam, there was no significance to the difference in proportion
of people missing laboratory questions for the two sections.

There was no apparent difference in the reaction of the two
sections to the lectures based on the attitude survey. However,
there were significant differences found on most of the other
i‘ems tested, The experimental section was much less likely 10
consider the treading assignments excessive; conversely, more
people in the control scction found the readings burdensome.
The experimental section gave - consistently more positive
opinions to questions about the lab than did the control sec-
tion. The difference in response was highly significant on four
of the five points graded. The experimental group also rated
the fairness of the hourly exams higher than did the controls
(both sections had taken two exams at this time), and the
experimentals - were - more inclined to consider the tests
reasonable though hard and to notice the siress on principles
and details than were the controls.

The informal invitation to comment on fab offered in 1he last
week of classes yielded no noticeable difference in proportion
of favorable responses from the experimental vs. non-

experimental sections but the response rate itself was dras-

tically lopsided. A much greater proportion of students in the
experimental section wrote in comments and suggestions than
was true for the course as a whole.

Discussion and Conclusions

In ligh( of these data, it seems safe to conclude that the

heavy ‘investment of faculty time used to maximize lecture-

l2boratory coordination and continuity has produced no
measutrable intellectual benefits based on grades.- Having the
same personnel in laboratory as you have in lecture in no way
affects the student's chances of *getting a good - grade.
However, this continuiy of facully between lecture and
laboratory does seem to improve the way the student feels
about the course—particularly the laboratory part of the
course, Students under our experimental conditions were much
more inclined to believe in the ability, preparedness, and
concern of the laboratory staff and the value of the lab as a
part of the biology course than were the students under our
contro} conditions. - Despite all these differences, and the ob-
vious differences in treatment, both sections gave virtually
identical responses in evaluating the degree of coordination
between lecture and laboratory.

It is possible that the differences in response to. the survey on
attitudes are not due to the actual differences in treatment but
only to the belief on the part of the students in the experimen-
tal group that they wete somehow different and “special.”
Theotetically, this belief of being better than ordinary students
in the course could cause a different feeling for the course and
staff, and - particularly for the laboratory where they have
maximum close contact with the people who have identified
them as unusual, Because of the way this experiment was set
up, there is no way to separate these two  factors. The
experimental group did get treatment which was different and
special so that their self-identification as exceptional, with its
attendant expectations and modified perceptions, could be pos-
sible. It would be interesting to design an experiment to lest
this idea.

While this more positive outlook towatrds the -course, the
laboratory, and the staff may be very gratifying and improve
the general working conditions for all concerned, it probably
has no meaning in an educational sense. The students in the
experimental section may be more content (or less “turned
off”) but they haven't learned any more of -the subject.

I think it is safe to conclude that to improve the transfer of

information from instructor to student, it will be necessary to

do something other than increase the amount of time spent by
facully in classes with students.

Table 2.

Analysis of Test Scores in Control -

and Experimental Classes

2
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“‘f;jduscussions and wrmng _sessions, the “hands-on” experi

Provided by ERIC.

OCTOBER 1973

MINICOURSE ON
MODULE MAKING

Richard B. Glazer and
Joan G. Creager
AIBS Staff

As a way of providing a new alternative for meeting-goers, the
Education Division presented a “Minicourse on Module
Making” at the 1973 Annual Mecting. This course was offered
in two hour sessions five successive mornings under the direc-
tion of Robert N. Hurst of the Purdue University Minicourse
Project. Dr. Hurst was assisted by Darrel L. Murray of the
University of Illirois, Chicago Circle” Campus, and by. the
authors of this report. A $5 registvation fee was paid by the
participants. The additional costs of the minicourse were
defrayed by the AIBS Consultants Bureau which operates
under a grant from the Nationa! Science Foundation.

Registration for the minicourse was held to a maximum of 30.
Of the 28 actual participants, seven registered for and received
one hour of graduate credit for their participation in the
course. Arrangements were madc through the  University of
Massachusetts Division - of Continuing Education for " the
awarding of graduate credit by the Zoology Department. In-
dividuals - desiring - credit paid an additional " $15 - to the
University, attended sessions three hours per day, and engaged
in study and previewing of BIOTECH ' 1odules on
demonstration. We mention the details of the academic credit
arrangements because this event marked the first occasion that
a biologist could receive academic credit for participating in a
course while attending an AIBS meeting. In view of the trends
in- higher education for providing alternative ways in which
academic credit may be eéarned and  the acceplability *of
learning taking place in many diverse settings, we feel that this
course has set the stage for the AIBS Annual Meeting to
become a legitimate setting for these programs,

Because this minicourse was a new venturé and - because
evaluation is an important component of any learning
situation, new or established, we asked participants to com-
plete an open-ended evaluation form. Eighteen parlic_ipants
voluntarily completed the form. Of those responding, 17 in-
dicated that the course directors. had provided - sufficient
guidance to allow them to learn how o prepare a module.
Some respondents did feel that more time or more facilities,
particularly audio-visual equipment, would have improved the
efl'ect1Veness of the course.

Some of ‘the merits of -the. coutse menuoned most frcquently

by the participants included the opportunity to work with

. people who were experiencéd in the prepatation of modules,
- the exposure to a new. type of leachmg, and the - different
S perspectives they gamed through group : activities with both the

ourse difectors and the other  participants. “The small " gr P




- bayond the end of the meeting. Another sigrificant recommen-
dation was that participants should - recvive prior to the
-~ meeting a kit of materials with specific information on what
- was expected of them and what kinds of materials to bring

~ with them. These suggestions are being given “careful con-

. sideration in the development of course offerings for niext
year's meeung :

o Since 1hls course was offered on a “let's see what happens”
basis, we were encouraged to find that 4 of the I8 re-

-+ spondents indicated the minicourse was the major or sole fac.
" tor in,their decision 10 attend the AIBS meeting. This finding
. provides significant impetus for the development - of similar
~offerings at future meetings. We take this opportunity to invite

- our readers to send us suggestions for the kinds of courses
> rhey would hke to see offered at future meetings.

BIO-STUDENT'S VOICE
~ To All AIBS Members:

1 For. any AIBS studenr chapter that is trying .to get off rhe

_ground in getting organized and in attempting to find some
- ideas for fund raising or for general chapter activities, here are
-4 few projecis that those of us in the Ladycliff College Srudem
- . Chapter tried this year and found ‘successful:

~sales.

2) Volleyball game.,Our ‘chapter members challenged our

. college's faculty. Even though we- didn't conte out on top
_ scorewise, our event made everyone at our college aware that

~ the victory party at the Student Union,

. %)) NeWspaper “Vulture” is the title of our pubhcatlon. named :

 for its unique perspective presented by its contents which con

- sist of factual articles concerning topics of current biological
, and ecology cattoons,  The
;newspaper served as an opportunity for our chapter members

-'*mterest. “science anecdotes

1o be creauve and to share our 1deas with our l‘ellow students

:.'4) Chnstmas party, Thls was a_get-together for our chapter ‘k
- members and l'nends wnh Chnstmas carols provrded by our -

. membel’s k ,
VV;VS) Donatlon ol‘ funds to olher ‘clubs on campus :

:6) Sponsorshlp ~of chapter members to attend conferences. :
,some of our members anended the AlBS Regional Conference gr

,held at Western Connecticut State College on 14 April 1973,
We really appreciated the experience of meeting members l'rom

other chapters, exchanging ideas, and sharing research in-

(E’l’mmatlon which was aﬁ“orded by the _Conference,

1) Veterans' llospnal entertainment Sponsored by our chaprer o

S Stauonery sales. We reahzed over SIOO on each of two

our AIBS- chapter is active, and players and spectators enjoyed -

Execulwe Drreetor Mr ‘William Samuels

NEWS SERVICES AVAILABLE
THROUGH THE CONSULTANTS
BUREAU

Joan G. Creager
A1BS Staff

As has been the case for a number of -years, consultant’

- 'services are still available for the lmprovetnent of facilities and = -
the evaluation of curricula. Last year's workshops proved to be =
an effective and successful addition to the consultant services.
As a result, there are consultants. now prepared to offer e

workshops on’ rhe followmg topics:

Population and Pollution - how to preparé college. students o

-offer mstrucuonal programs in elememary and secondary '

schools

‘ lnvesliggtlve Lnborstory < how to plan, organize,and éxecute an

investigative laboratory in which students carry out expera?
ments of therr own deszgn ,

~ Modules - how to prepare modularized instructional packages o

for the teachmg of skills, concepts, and eﬂ‘echve learmng

i

Ethies for Environment - how to mcorporate elhrcal lm~

: phcauons of emrronmenlal issues into the teaching ol' blology

Most workshops consist of two full days of partrcrpauon 0f(en
on a Friday and Saturday. if | you find one of the above topics
particularly appealmg, or if you have an idea: about another
kind of workshop, please let us know your mrerests

Agricultural Consulunls ‘

Because the AIBS is concerned about the need to offer services
to a broad spectrum of educators in the life sciences, we have

solicited the services of agricultural scientists who are wrllmg

1o prov:de consultant - services to - life science departmenls R
‘interested - in _developing or improvmg programs in vatious
~areas of agriculture. 1f your department might profit by the
services of a consultanr, please. write us descnbmg the nature S
~of your programs and your needs. :

“Allied }!eallh Consulranls : :
While the AIBS does not prov:de services in this area, we

. recogmze that many colleges maintain, or are developmg. allied -
“health programs related 10, of in conjunction with, biology
departments. We have leatned that allied health consultant =~
_services are available through the Association of Schools of © =
Alhed, Healtt, Professions, One Dupont Circle, N.W., Wash-

'D.C. 20036. For further mformation. comact thehk




Report of the AIBS Manpower Survey

Joan G, Creager
AlBS srarr

This study was partially supporred by the National Sclence
Foundation and the National Academy of Sctences.

The American lnstrtute of Biologlcal Scrences has been'

concerned with manpower In the life sclences, with the

- questions of supply and demand, graduate school employ-.

“ment cxperiences, and, in “particular, with the problem of

unemp oyment. Since nrtually no current manpower infor--

 mation was - available about blologists, the AIBS - felt

~ compelled to survey the manpower situation within its

membershlp and that of selected adherent societies

o =In. December 1972, a questionnaire was distributed by
 AIBS t0 26,000 lndivldua!s, 13,000 of whom are members,
Four adherent socleties assisted  with this survey by
‘distributing the questlonnaire to their members during the
first three months of 1973, The socleties, selected to

‘Ameérican Soclety of Mlcrobiologrsts the Ecological Society
of America, and the American Society of Zoologists. Since

. there was no way within the budgetary constraiats of this
. study to ehminate overlap among the mailings created by

individuals who dre members of two or more socletles, it is
- Impossible to determine the overall rate of response, While
" this problem was recognized at the planning stage, it was

; felt that the advantages ofdrstributmg the questionnaires to
‘the members of the several societies outweighed  the

','drt‘t‘iculties of overlap, Table | provides the percent

. members

Response tate tor societies and selected o

: chmcterlstks of their memben

' Approx. Nnmberot e PercentotR Jonses
: “ Numberof . Responses - Percent - By Degree y Sex .

; Society - Members - {0 Survey - Resporise PhD MS, Mde Fem.
o Total % - 7483 4 73 19 82 18
7 "AIBS . 13000

. BSA
»ASM
ES

2 a6

maxrmlze the drversrty of the blological community repre-
. sented, were: the. Botanical Soclety of America, the -

_education” :is over-represented. The percent employed in -
‘each of several employer categories is shown in Fig. 1 -
‘Among the categories included in “other” are elementary

~and secondary education, government, business, and indus-

tesponse for each society and selected charactenstics ofits =

;e'ss,] 7
" ////////,r;

C4Ned 3215 17 82 18

“For the entite sample 73% of the respondentshold aPh.D,, '
~although there is variation by society from 68% for the gL
‘ASM to 90% for the ASZ Most of the remalnder of i

respondents hold Master’s degrees except for 439 Baccalau-

reate holders, 137 M.D.'s, and 17 Assoclate degree holders.-

With réspect to sex, 18% of the entire sample are women, -

~while 26% of the ASM members are women, and 9% of the

ESA members are women, The number of respondents who
are members of ethnic. minorities Is too small to yleld

“reliable statistics. There are 74 blacks, 19 Puerto Ricans, 13 o

Mexican-Americans, 21 other Spanish speaking people, andj )
IS American Indians. . g

“ 'By far the greatest majonty of respondents (73%) are ;f’{ B

employed by an institution of post-secondary education,
Since American Science Manpower 1970 (National Sclence’, :

 Foundation, 1971) reported that 60% of biologists were
~ then employed in educational institutions, it appears that in

our sample the employer category “institutlons of higher i

try. The relatively large proportion of ASM members falling v

“in the “‘other” cateGOry is attributed to the IarSe number of
5 members employed in lndustry. : e

EMPLOYER




relatively unspecialized flelds of general biojogy, botany,
and zoology. The apparent generality of degrees may be
due to a preponderance of Masters level individuals in these
categories and to the practice nf awarding a degree in a
general fleld even though the individual's research may have
been highly specialized. A more detailed study of this issue
would be needed to ascertain the degree of specialization
within this component of the blological community,

FIELD OF HIGHEST DEGREE

Intecdisciplinary 76

Arts Rumanities
Educstion 108

Botany 645

- Zoology 1134

Fig. 2

 , Sou;ées of g:adua'té schoot suppkortkaffect the manpower
supply. Data pertaining to sources of graduate school
- support are provided in Fig. 3, Among Ph.D, candidates,

government funds account for about 40% of the support
- for both men and women, Universities provide about 349,
with a greater proportion going to men than to women.
- Women appear to have made up this deficit out of personal -

~ funds. For Ph.D.’s there has been a tremendous variation -
over time in the proportion of support from these different
~ sources. Before 1950 only ‘8% of support came from
- government sources; since 1960 over $0% came from
~_goverment sources. Allother sources of support have.
_shown relatively proportional decreases ovet time. With
- fespect to Masters candidates, there has been less govern- .
: ‘ fsupport,both -

nsistent pattems o

SOURCES OF SUPPORY FOR GRADUATE $TUDY

107AL SRR
MEN k B : ///////////////4
WOMEN ; 0
Betors 1800 |
1960- 1964 Yo
1960 & Since
MASTERS
YOTAL
MEN
WOMEN
Balors 1960
19601968
1960 & Since
0 oy el 3

Pereent of degrea raciplanty  ©
&i’nmmnt aﬁﬁ;miﬁn : .'f"w
Fig. 3

Postdoctoral fellowships serve as a measure of the degree of
highly specialized training obtained by respondents, Of the
5,019 Ph.D.'s responding to the questionnaire, 44% have
held postdoctoral fellowships. The percentage of women
who have held postdoctoral fellowships (48%) is higher
than that for men (43%). : e

. The curtent ménpower situation in the blolegical sciences is

reflected by employer category and by the degree of

unemployment, Fig. 4 shows the percentages of all respon- -
dents by employer category and the variations in employer

category by sex and by highesl degree held. Women and

Masters level responidents held relatively fewer positions in

universities “and - relatively - more positions in- two year

colleges, : ' :

EMPLOYER CATEGORY -  alemintacy & swcondiy
: othet goviinnment ;
feducal QOvEmmint
business & indutry
T URKAOWN 1 L
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probably because of the large number of full time students
in this age group, Of the 73) respondents in this group, 144
(20%) indicated that they wete students. Variations in the
percentage of unemployment for other age categories are
probably due to there being at least some students In the
30-39 age group and a number of tetired individua’s in the
60 and over age group, Thus, unemployment in 1972 was
apptoximately 6% overall, slightly lower for individuals
between 40 and 60 and slightly higher among the yzunger
and older respondents.

UNEMPLOYED AT SOME TIME DURING 1972

~ Of those cunehtiy employed, 21%‘lndica(ed that they were

seeking new positions. While these  individuals do not
-+ contribute to the unemployment problem, they do indicate
-8 degree of dissatisfaction with current employment, With -

_respect to current employment status, 78% of the respon-

 dents hold one full-time position, Among Ph.D.'s, 83% hold |
one full-time position, but the proportion holding one

full-time job drops by degree level to $9% for Faccalaureate
degree holders. The proportion of respondents holding one

~ or more part-time jobs is inversely related to degree, varying
~ from 1.5% among Ph.D.’s to 11.4% among Baccalaureate -
~ holders, Six percent hold a part-time position in addition to

their full-time position and 3% hold one o more part-time
jobs. About 3% of the respondents are students, almost 1%
hold postdoctoral positions, and slightly more than 1% are

~retired. About one-third of the retired persons hold a

part-time position, Of greatest import among the statistics
pettainlag to the cuxtently’emp!oy'edi‘is that 1% are on

notice of termination,

Of the 6,224 Individuals who responded to the item about

st in thelr retirement program.

 retirement programs, 50% have a vested interest In their

i program, 32% do not l(;ave, and 18% don’t know whether or

in research-and-teaching and only 11% of the Masters
holders are so engaged, Over one-fourth of Masters holders
reported work activitles falling in the “‘other” category,
Included in the “other” category are professional services,
fellowshlps, development and dcsign, and technical and
support services, Varlation {n work activities by employer
category show that half of those employed in two year
colleges are engaged in full time teaching; one-third of
those in four year colleges and only 8% of those in
universitles are so engaged, These differences are more than
compensated by the Increase in teaching and research
positions from 6% in two year colleges to 36% in four year
colleges to 64% in universitles, The work activity of those
employed by business and industry and of those employed
by the federal government differ markedly from those in
educational institutions. As would be expected, there is
almost no teaching and a much larger proportion of
recearch and administration. Among those employed in -

business or industry, 44% hold positions falling in the .

“other' category.

WORK ACTIVITY
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With respect to fede’ral'suppért fio‘r‘cur‘rént‘ emhloyment,a, Lol
 16% of respondents reported full support and 22% reported

- partial support, By far the greatest proportion of federal

support goes to Ph.D.s in universities as is indicated {n Fig, :
7. The primary sources of federal support are the health

- related divisions of the Department of Health, Education,
. and Welfare, which provided fuads for nearly half of those

- " recelving support, and the National Science Foundation,

which providéd funds for slightly more than one-third of

~ those receiving support,

.
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FEDERAL SUPPORT FOR CURRENT EMPLOYMENT
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Fig. 8

Variations in the number of respondents specifying selected
flelds by highest degree, professional identification, em-
ployment during the last five years, and current employ-
ment are reported in Table 2.  Among respondents in
general fields a much smaller proportion identify them:
selves as generalists than are employed or received degrees
in general fields. In contrast, a significantly larger propor-
tion of respondents identify themselves as ecologists and
environmentalists than received degrees or are employed in
this field. For several fields (plant physiology and pathot-
ogy, biochemistry, blophysics, and entomology) there is a

“consistent decrease in the number indicating a given field

from degree to current employment. Conversely, there has

been a constant increase in the number of respondents

indicating interdisciplinary activities,

Table 2.
Field Affiliations
Highest - Profes. Employment
Field Degree .- Ident.  Fiveyrs, = Current
General biology, botany : .
& zoology 2,681 71,555 2442 2,222
Anatomy, histology, ‘ : S ‘
cylology & embryology '~ 420 533 462 445
Ecology & environment 602 895 640 676
Animal physlology & - . )
" pathclogy : 423 575 419 41y
Plant physiology & : : :
.- pathology 384 kY3 232 214
Microbiology 178 865 710 - - 693
Biochemistry & biophysics 265 261 231 209
Entomology : 306 258 185 183 -
Genetics . 262 0283 204 S198 e
Agriculiure , 307 309 . 333 -3
Interdisciplinary 276 124196 226"
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